INTRODUCTION
============

Contrast-induced nephropathy (CIN) is a common complication following percutaneous coronary intervention (PCI). CIN is associated with prolonged hospitalization, increased cardiovascular and renal morbidity, and all-cause mortality.^[@R1]^ Decreased renal function and increased contrast media (CM) dose are both risk factors for CIN.^[@R2]^ Because the CM volume is a modifiable factor, there have been several studies intended to find the safe volume of CM for risk reduction of CIN. A safe CM dose based on renal function has been proven to effectively prevent CIN. Recently, additional evidence has demonstrated that the CM volume to creatinine clearance (V/CrCl) ratio is an independent predictor of CIN following PCI in patients with decreased renal function^[@R3],[@R4]^ and ST-segment elevation myocardial infarction (STEMI) undergoing primary PCI.^[@R5],[@R6]^ For these high-risk patients, interventional cardiologists should pay close attention to intensive intravenous hydration, limiting CM volume, and serum creatinine (SCr) levels would be intensively monitored after PCI to detect CIN.

However, these measures are almost never typically administered to patients with normal baseline SCr (\<1.5 mg/dL), who are typically thought to have a low risk of CIN, although these patients constitute the majority of patients undergoing PCI. However, Lindsay et al^[@R7]^ and Chong et al^[@R8]^ observed that such patients were also at risk of developing CIN, with a corresponding increase in late adverse cardiac events and higher mortality. In addition to an elevated baseline SCr level, the presence of conditions such as a large CM volume may also contribute to renal injury. Therefore, evaluating a safe CM dose might also be useful for preventing CIN in such patients. However, few studies have investigated the safe CM volume in these patients. Thus, it is necessary to determine the safe amount of CM in patients with normal renal function for the prevention of CIN, especially for elderly patients. We investigated the predictive value of the V/CrCl ratio for CIN and long-term outcomes in these patients.

MATERIALS AND METHODS
=====================

Ethic Statements
----------------

This study protocol was approved by the ethics committee of the Guangdong General Hospital, and the study was performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all patients before the procedure.

Study Population
----------------

We prospectively enrolled 1020 consecutive elderly patients (age ≥65 years) with baseline SCr \<1.5 mg/dL (132 mmol/dL) who were admitted to undergo PCI, between January 2010 and September 2012. The exclusion criteria were as follows: cardiogenic shock and pregnancy; CM allergy; use of CM within 7 days prior; severe heart valve diseases; treatment with nephroprotective drugs or nephrotoxic drugs; chronic peritoneal or hemodialytic treatment.

Biochemical Investigations and Assessment of Heart and Renal Function
---------------------------------------------------------------------

SCr levels were measured upon admission (before PCI) and on day 1, 2, and 3 after CM exposure. Serum levels of fasting blood urea nitrogen, lipid profiles, glucose, albumin level, and other standard clinical parameters were measured during the morning of the day before the procedure. Left ventricular function was evaluated using echocardiography within 24 hours preoperatively. The CrCl was calculated by applying the Cockcroft--Gault formula to the SCr concentration, in which CrCl (mL/min) = 140 years (age) × weight (kg)/72 × SCr (mg/dL) (×0.85 for female subjects). We evaluated the estimated glomerular filtration rate (eGFR) using the 4-variable Modification of Diet in Renal Disease (MDRD) equation based on Chinese patients: 175 × SCr (mg/dL)^−1.234^ × age^−0.179^ (×0.79 for women).

Percutaneous Coronary Intervention
----------------------------------

PCI was performed by experienced interventional cardiologists using a standard technique. We used nonionic and low-osmolarity CM in patients (either Iopamiron, BRACCO, Guangzhou, China or Ultravist Bayer, Guangzhou, China, both 370 mg I/mL). The patients were hydrated with intravenous isotonic saline (0.9%) at a rate of 1 mL/kg body weight per hours for 1 to 8 hours before and 6 to 8 hours after PCI. In patients with left ventricular dysfunction (ejection fraction \<40%) or overt heart failure, the hydration rate was reduced to 0.5 mL/kg/h. The use of aspirin, clopidogrel, β-adrenergic blocking agents, statins, angiotensin-converting enzyme inhibitors, and the indication to use an intra-aortic balloon pump (IABP) or inotropic drugs, was left to the discretion of the interventional cardiologists.

Clinical Follow-Up for End Points
---------------------------------

Follow-up events were carefully monitored and recorded by trained nurses through office visits and telephone interviews for at least 3 years after PCI.

The primary study end-point was CIN, which was defined as an absolute increase in SCr of ≥0.5 mg/dL over baseline values within 48 to 72 hours after CM exposure. The secondary end points included all-cause mortality, and major adverse clinical events (MACEs), including all-cause mortality, renal replacement therapy, nonfatal myocardial infarction, acute heart failure, and target vessel revascularization or cerebrovascular events during the observation period of hospitalization and follow-up.

Statistical Analysis
--------------------

Demographics and traditional risk factors were compared among the V/CrCl quartiles and between patients with or without CIN. Continuous variables are described as their mean ± standard deviation or as their median (interquartile range). Student *t* test or Wilcoxon rank sum test was performed to determine group differences. Categorical variables are reported as absolute values and percentages, and were analyzed using the χ^2^ test or Fisher exact test. Analyses of the receiver operating characteristic (ROC) curves were performed to determine the cut off value of the V/CrCl, volume to MDRD equation (V/MDRD) ratio, and Mehran risk scores for predicting CIN. Risk factors were initially screened for univariate associations with CIN at *P* \< 0.20, and the identified variables were assessed in a forward stepwise manner using a *P*-value criterion of ≤0.05. The final model included the V/CrCl ratio and other baseline characteristics for which the results are expressed as odds ratios (ORs) with 95% confidence intervals (CIs). Multivariate Cox regression analyses of mortality included baseline V/CrCl ratio (cut off values determined by ROC analysis) and other factors (age \>75 years, sex, anemia, diabetes mellitus \[DM\], hypertension, use of IABP, and left ventricular ejection fraction \[LVEF\] \<40%). The cumulative mortality hazard or MACEs during follow-up for the baseline V/CrCl was analyzed using the Kaplan--Meier method, and the statistical assessments were performed using the log-rank test. All data analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). All probability values were 2-tailed, and the significance level was defined as *P* \< 0.05.

RESULTS
=======

Clinical and Laboratory Characteristics of the Patients
-------------------------------------------------------

We included 1020 consecutive patients who underwent PCI and were eligible for the present study (mean age 72.5 ± 5.3 years, mean contrast volume 150.3 ± 58.7 mL, mean Mehran risk score 5.8 ± 3.8). Based on the V/CrCl, the quartiles of the V/CrCl ratio for all patients were as follows: quartile (Q1) (\<1.76, n = 255), Q2 (1.76--2.48, n = 255), Q3 (2.48--3.31, n = 255), and Q4 (\>3.31, n = 255). From quartile Q1 to Q4, there was a positive trend with older age, the preprocedural SCr level, CM dose, number of diseased vessels, ratio of V/CrCl or V/MDRD, and Mehran risk score. There was a negative trend with the preprocedural renal function (evaluated by the CrCl or MDRD). However, there were no significant differences in the incidence of hypertension, DM, dyslipidemia, or anemia among the different quartiles of the V/CrCl ratio, or in the use of medication during hospital stay (Table [1](#T1){ref-type="table"}).

###### 

Baseline Characteristics of the V/ CrCl Ratio Quartiles

![](medi-94-e615-g001)

Overall, CIN was observed in 39 patients (3.8%). The patients with CIN were older and had lower levels of LVEF and preprocedural renal function than the patients without CIN. A higher ratio of V/CrCl or V/MDRD, and higher CIN Mehran risk scores were more prevalent in the patients with CIN. However, the prevalence of smoking, hypertension, DM, history of previous myocardial infarction, previous coronary artery bypass grafting, and anemia were not significantly different between the groups (Table [2](#T2){ref-type="table"}).

###### 

Baseline Clinical Features in Patients With and Without CIN
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Impact of V/CrCl and CIN on In-Hospital Outcomes
------------------------------------------------

The patients with a high V/CrCl ratio were more likely to develop CIN, including 5 patients (1.96%) in Q1, 6 (2.35%) in Q2, 6 (2.35%) in Q3, and 22 (8.63%) in Q4 (*P* \< 0.001) **(**Figure [1](#F1){ref-type="fig"}A). The patients with an increasing V/CrCl ratio experienced a higher rate of IABP (*P* = 0.001). However, the incidence of in-hospital death, stroke, acute heart failure, and the need for renal replacement were not significantly different among the different V/CrCl ratio quartiles.

![(A) Relationship between the contrast volume to creatinine clearance ratio and the percentage of patients with CIN after cardiac catheterization (*P* \< 0.001, overall and for the trend). (B) Relationship between CIN and in-hospital death or MACEs (all *P* \< 0.001). CIN = contrast-induced nephropathy, MACE = major adverse clinical event.](medi-94-e615-g003){#F1}

Compared with the patients without CIN, the patients with CIN showed a significantly higher rate of in-hospital mortality (23.1% vs. 0.7%, *P* \< 0.001), a significantly higher rate of other in-hospital complications, such as requirement for IABP (35.9% vs. 2.0%, *P* \< 0.001), and the need for renal replacement (10.3% vs. 0.3%, *P* \< 0.001) (Figure [1](#F1){ref-type="fig"}B.)

Predictors of CIN
-----------------

ROC curve analysis demonstrated that the area under the curve (AUC) for the V/CrCl ratio was 0.680 for CIN. For the Mehran risk score, the AUC was similar to the V/CrCl ratio for CIN (0.735, *P* = 0.204). The Youden index demonstrated that the optimal cut off level for the V/CrCl ratio was \>2.74, which exhibited 76.2% sensitivity and 70.6% specificity for predicting CIN. Although there was no significant difference between the V/CrCl and the V/MDRD, the AUC of the V/MDRD (0.648) was lower than the V/CrCl (Figure [2](#F2){ref-type="fig"}).

![ROC curve for the prediction of CIN using the V/CrCl, V/MDRD, and Mehran risk score. AUC = area under the curve, CIN = contrast-induced nephropathy, CM = contrast media, ROC = receiver operating characteristic, V/CrCl = CM volume to creatinine clearance, V/MDRD = volume to Modification of Diet in Renal Disease equation.](medi-94-e615-g004){#F2}

According to the univariate logistic regression analysis, a V/CrCl ratio \>2.74 was a significant predictor of CIN (OR = 3.78, 95% CI 1.86--7.67, *P* \< 0.001). In the multivariate analysis, a V/CrCl ratio of \>2.74 (OR = 3.21, 95% CI 1.45--7.09, *P* = 0.004) remained an independent risk factor of CIN after adjusting for other potential risk factors. In addition, when we included the Mehran risk score (increment 1 point) to the multivariate model instead of the individual variables (age \>75 years, anemia, DM, and IABP) that are incorporated in it, we also demonstrated that V/CrCl ratio \>2.74 was an independent risk factor for CIN (OR = 2.84, 95% CI 1.34--6.03, *P* = 0.007). Age \>75 years, LVEF \<40%, the requirement for IABP, and Mehran risk scores (increment 1 point) were other independent predictors of CIN (OR = 2.69, 95% CI 1.29--5.61, *P* = 0.009; OR = 2.94, 95% CI 1.12--7.68, *P* = 0.028; OR = 1.21, 95% CI 1.12--1.31, *P* = 0.007; OR = 17.94, 95% CI 7.07--41.77, *P* \< 0.001). However, we did not find multivessel disease to be an independent risk factor of CIN in our patients (OR = 0.51, 95% CI 0.21--1.21, *P* = 0.128) (Table [3](#T3){ref-type="table"}).

###### 

Univariate Analysis and Multivariate Associations Between CIN and V/CrCl
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Impact of V/CrCl and CIN on Follow-Up Outcomes
----------------------------------------------

The median follow-up period was 2.51 ± 0.86 years (interquartile range 1.80--3.27 years), and data were available for all who survived to discharge. According to the log-rank analysis, the patients with a V/CrCl ratio \>2.74 presented with a higher rate of all-cause mortality than the patients with a V/CrCl ratio ≤2.74 (*P* = 0.002). The patients with a V/CrCl ratio \>2.74 also experienced a relative higher rate of MACEs than the patients with a V/CrCl ratio ≤2.74, although this was not a statistically significant difference (*P* = 0.065) (Figure [3](#F3){ref-type="fig"}). In addition, the patients developing CIN presented with a higher rate of all-cause mortality or MACEs than those without CIN during follow-up (both *P* \< 0.001) (Figure [4](#F4){ref-type="fig"}). Furthermore, Cox regression analysis indicated that the V/CrCl ratio \>2.74 remained a significant risk factor for death after PCI, even after adjusting for the baseline clinical variables (hazard ratio = 1.96, 95% CI 1.14--3.38, *P* = 0.016) (Figure [5](#F5){ref-type="fig"}).

![Cumulative mortality (A) or MACEs (B) as a function of time for patients with a V/CrCl ratio \>2.74 or ≤2.74. CM = contrast media, MACE = major adverse clinical event, V/CrCl = CM volume to creatinine clearance.](medi-94-e615-g006){#F3}

![Cumulative mortality (A) or MACEs (B) as a function of time for patients with CIN or without CIN. CIN = contrast-induced nephropathy, MACE = major adverse clinical event.](medi-94-e615-g007){#F4}

![Multivariate Cox regression analysis indicates that a V/CrCl ratio \>2.74 is significantly associated with an increased risk of death within 3 years follow-up after PCI. CI = confidence interval, CM = contrast media, DM = diabetes mellitus, HR = hazard ratio, IABP = intra-aortic balloon pump, LVEF = left ventricular ejection fraction, PCI = percutaneous coronary intervention, V/CrCl = CM volume to creatinine clearance.](medi-94-e615-g008){#F5}

DISCUSSION
==========

The present study was performed to evaluate the safe CM dose for CIN in elderly patients with relatively normal renal function, and we demonstrated that the V/CrCl ratio was independently associated with CIN and poor long-term outcomes. Additionally, the V/MDRD ratio showed a similar predictive value for CIN to that of the V/CrCl. Furthermore, a V/CrCl ratio \>2.74 demonstrated a good predictive value for CIN and long-term patient outcomes.

The diagnosis of CIN was also used for patients developing acute kidney injury secondary to intravascular CM exposure. CIN occurs in both ambulatory and hospitalized patients, and the immediate and long-term prognoses of these problems are similar to those of other causes of acute kidney injury. In clinical practice, patients with elevated baseline SCr should receive sufficient perioperative CIN prophylaxis, and the safe CM dose should be calculated based upon renal function before the procedure according to recent guidelines from the American College of Cardiology^[@R10]^ and the European Society of Cardiology.^[@R11]^ However, these guidelines do not recommend that patients with normal SCr values receive any prophylaxis, nor should doctors need to limit the CM dose, as such patients are typically thought to have a low risk of CIN. However, previous studies have demonstrated that even in patients with normal SCr, CIN can develop and lead to complicated clinical outcomes similar to those of patients with chronic renal insufficiency.^[@R7],[@R8]^ Wacker-Gußmann et al used the same definition for secondary endpoints as our present study, and they found that the incidence of CIN was 3.7% in patients with SCr levels in the upper normal range, which is in agreement with our results (3.8%).^[@R12]^ In addition, Raposeiras-Roubin et al^[@R13]^ recently demonstrated that an increase in ≥0.5 mg/dL was an independent predictor of in-hospital cardiac events in patients with normal renal function. In the present study, we also found that patients who developed CIN had poor in-hospital and long-term outcomes in such patients. Therefore, these patients should also receive prophylaxis measures.

A large CM volume is a key contributor to CIN in patients with normal renal function,^[@R7],[@R8]^ and a reduction in CM volume has been reported to be a possible means for preventing CIN.^[@R14]^ Therefore, determining the safe CM volume is important for preventing CIN. Several cut off thresholds for safe CM volume have been reported. However, the V/CrCl ratio is correlated with the AUC of the CM concentration over time, and it best represents the CM dose and renal function. Therefore, this index should more closely predict the safety profile of CM than the absolute CM volume alone, particularly with respect to the risk of CIN.^[@R15]^ Indeed, the V/CrCl ratio, an easy and clinically feasible method for determining the maximum safe CM volume, has been reported to be a predictor of CIN following PCI.

Laskey et al^[@R3]^ observed that a V/CrCl ratio \>3.7 demonstrated the optimal sensitivity and specificity for detecting CIN, and it remained an independent predictor for CIN after adjusting for other factors. However, these authors mostly studied the effects of CM according to the SCr levels during the first 24 hours (rather than 48--72 hours), and only 6.8% of had 24- and 48-hours SCr measurements in their study, thereby underestimating the incidence of CIN. In addition, this previous study could neither ascribe causality nor describe the relationship between CM and clinical end points (eg, death). Our present study with 48 to 72 hours sampling of SCr after the procedure demonstrated that the V/CrCl ratio was associated with CIN and long-term outcomes, and that the predictive potential of the V/CrCl ratio was independent of other known clinical and laboratory-based risk factors of CIN. Recently, Capodanno et al studied 722 patients undergoing cardiac catheterization and demonstrated that a V/CrCl \>4 significantly predicted the risk of an early postprocedural rise in SCr.^[@R16]^ A similar result was found in the recent study performed by Capodanno et al,^[@R16]^ in which these authors confirmed the predictive value of V/CrCl \>4 for CIN regardless of the CIN definition adopted. However, assuming a low incidence of CIN in elderly patients with relatively normal SCr, most previous studies evaluating the safe CM dose for the prevention of CIN have included patients with moderate and severe increases in SCr or patients at high risk of CIN, such as patients with chronic kidney disease (CKD), STEMI, or DM. In recent studies, there are different conclusions about the ratio of V/CrCl. Ogata et al^[@R4]^ included CKD patients with an eGFR \<30 mL/min/1.73 m^2^ undergoing elective PCI, and they found that an extreme reduction of CV to CV/eGFR ratio \<1.0 may reduce CIN and achieve better clinical outcomes following PCI in such patients. Mager et al^[@R17]^ observed that a V/GFR \>3.7 was a strong independent predictor of CIN in patients with STEMI undergoing primary PCI. Worasuwannarak and Pornratanarangsi^[@R18]^ reported that the cut off value for the V/CrCl ratio was ≥2.60 in patients with DM undergoing elective PCI. Recently, we performed a study of patients with a reduced ejection fraction (\<40%), and we demonstrated that a V/CrCl ratio \<3.87 might be valuable in predicting the risk of CIN in such patients undergoing PCI.^[@R19]^ However, the present study demonstrated the optimal cut off value for the V/CrCl ratio (2.74) in elderly patients with relatively normal renal function undergoing PCI. The difference in cut off values for the V/CrCl ratio and the incidence of CIN reported in these previous studies can be explained by the use of different definitions of CIN (48--72 hours or 24 hours) and the different percentages of patients with CKD, STEMI, and DM. In addition, we also demonstrated that the Mehran score was strongly associated with CIN development. The Mehran risk score is the most widely used and classic model for CIN, and it has 8 clinical and procedural factors, including age \>75 years, CM volume, and the presence of chronic heart failure, hypotension, anemia, DM, and CKD. The Mehran score was used for CIN evaluation only after CM exposure.^[@R9]^ However, the optimal cut off value for the V/CrCl ratio plays an important role in calculating the safe CM dose for preventing CIN before the procedure. Furthermore, the predictive value of the Mehran risk score was similar to that of the present V/CrCl ratio.

Although the pathophysiology of CIN is complex and remains unclear, researchers generally considered that direct cytotoxic effects, regional hypoxia, and renal haemodynamics play important roles in developing CIN.^[@R20]^ The direct toxicity by CM can lead to apoptosis and cell death of both endothelial and tubular cells, and could be related to harmful effects of free radicals and oxidative stress, resulting in the development of CIN.^[@R21]^ In addition, previous studies have demonstrated that CM in the medulla can decrease oxygen delivery and increase oxygen consumption, leading to the renal medullary hypoxia. Moreover, this was related to either a decrease in vasodilators (nitric oxide or prostaglandins) or an increase in vasoconstrictors (adenosine and endothelin). Increased intratubular pressure secondary to CM-induced diuresis, increased urinary viscosity, and tubular obstruction were also involved in developing CIN.^[@R22]^

In addition, previous studies have demonstrated that patients with multivessel coronary diseases often suffer complications including longer procedural durations, greater CM use, lower LVEF, and more frequent periprocedural hemodynamic instability^[@R23],[@R24]^ which play important roles in CIN development. Therefore, some researchers have argued that a multivessel coronary disease is an independent risk factor of CIN.^[@R17]^ Additionally, some studies have indicated that The synergy between PCI with Taxus and cardiac surgery score, which has been developed to assess the severity and complexity of coronary artery disease to determine the appropriate revascularization strategy, is an independent predictor of CIN in patients with ST elevation myocardial infarction treated with primary PCI.^[@R25],[@R26]^ However, Kurtul et al^[@R26]^ did not demonstrate that multivessel disease was strongly associated with CIN after adjusting for some potential risk factors in patients with acute coronary syndrome, which is in accordance with our present result. The differences among these studies might be related to the different patient populations included.

Furthermore, few studies have evaluated the predictive value of the V/MDRD ratio for CIN. Nozue et al^[@R27]^ retrospectively investigated the value of the V/MDRD ratio for CIN and reported that the V/MDRD ratio was a significant independent predictor of CIN, and our result confirmed these findings. The present prospective study further assessed the predictive value of the V/CrCl ratio for prognostic outcomes (ie, the 2-year death rate) in elderly patients with relatively normal renal function. In particular, we found that patients with a V/CrCl ratio \>2.74 experienced more complications such as a higher incidence of MACEs and showed increased follow-up mortality.

Clinical Implications
---------------------

The findings of the present study may be clinically important because elderly patients with relatively normal renal function usually do not receive prophylaxis (eg, hydration and calculation of the safe CM dose) or undergo routine follow-ups including laboratory control of renal parameters after CM exposure. The present data support the use of V/CrCl as a practical index to determine the safe or maximum amount of CM allowed for each procedure. In this patient population, it is possible to minimize the CM volume by making adjustments, and intensive hydration would be recommended before and after PCI for the prevention of CIN. After procedure, cardiologists should also calculate the V/CrCl ratio to identify patients at high risk for CIN, such that intensive renal function monitoring and timely prophylactic measures can be performed. Lastly, the predictive value of the V/CrCl ratio for CIN was similar to that of the Mehran risk score.

Limitations
-----------

The present study had several limitations. First, because this prospective, observational study was conducted in a single center, the evidence may not be as compelling as that obtained in a randomized controlled trial. Second, variation in the measurement times may have led to overlooked peak levels of SCr after procedure, which may have also led to an underestimation of the true incidence of nephropathy in the current study population. Finally, the predictive value of the V/CrCl ratio for CIN and long-term outcomes was demonstrated in elderly patients with relatively normal renal function undergoing PCI. Therefore, it is not known whether the present cut off value could be applied to other patient groups.

CONCLUSION
==========

We demonstrated that a V/CrCl ratio \>2.74 was an independent predictor of CIN and that an extreme reduction in the CM to a V/CrCl ratio \<2.74 may reduce CIN and achieve better clinical outcomes following PCI in elderly patients with relatively normal renal function.

Abbreviations: CI = confidence interval, CIN = contrast-induced nephropathy, CKD = chronic kidney disease, CM = contrast media, MDRD = Modification of Diet in Renal Disease, OR = odds ratio, PCI = percutaneous coronary intervention, ROC = receiver operating characteristic, SCr = serum creatinine, STEMI = ST-segment elevation myocardial infarction, V/CrCl = CM volume to creatinine clearance.
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